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Application of a Wind Acceleration Device to Vertical Axis Wind Turbines
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Abstract

We applied a wind acceleration device (wind-lens) to Vertical Axis Wind Turbines (VAWT), and examined
power augmentation effects by wind tunnel experiments. We have investigated the optimum parameters of the
wind-lens configuration. A wind-lens consists of a diffuser and brim. The increase in diffuser semi-open angle
makes it possible to generate higher power output over a wide range of tip speed ratios. There is an optimum
semi-open angle of diffuser. The inlet enhances power augmentation over a wide range of tip speed ratios. The
best location of a wind-lens in the streamwise direction is in the center of VAWT. The curved surface type
diffuser is more effective for power augmentation than flat panel type diffusers. The wind-lens demonstrates
power augmentation with a curved surface diffuser by a factor of about 2.1 compared with a bare wind turbine.
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Fig.3 Power coefficients C, of various wind-lens turbines vs.
tip-speed ratio A. (The diffuser length L=1.14D)
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Fig.4 Power coefficients C, of various wind-lens turbines vs.
tip-speed ratio A. (The brim width h=0.5D)
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Fig.5 Effect of the inlet to power coefficient C,,.
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Fig.6 Power coefficients C, of various wind-lens turbines vs.
tip-speed ratio A.
(The diffuser length L=1.14D, the brim width h=0.5D,

the semi-open angle of diffuser ¢ =15° )
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Fig.7 Maximum power coefficients Cp,,,, of various wind-
lens turbines vs. semi-open angle of diffuser ¢ .

WA O IR O EXLEITRY, R kLR
Lo R PN E LT2ZE T, ALy O ENES
TR NZENREKD—DE L TEZLNA.
Fig.7lcffi %« DR DORL v XE#AL, ¢ 22 bS¥ 7z
LEDFERH I Cpa DAL E F & T2, AT — N 3 B
FOLEREZEICH LG AT, ¢ DNRETDITONTH
DIEEINU 7= 3 L, Ar—NEBA5 B LA 2L E 35
AL, ¢ NRERBITON, HIMEF AR5 HEL
Tpotz. ¢ wRELTBIZONTRL » XOE R R &
FLZLITMDIERALE OFERNOHI N THLN, £
IZH DL NI T4 201%, An—h)3E AT
WCbDGE, ¢ ZRETDHEMBELT 47 2—FOH DMK
MR RELA2Y, ADNE DI OIER LI RN 528
NRKTHDHEE 2 HND. PLEOFERIY, M i 5
HUZJR L A& 9550, Ar— MBS B E AL
BT 2DINTHRE T 2O LN R THLIEN Gh o7z,

4. BEBERAL VXD &E A
FEAOBRL Y ADT 47 a—PE ¢ ZRELTUK

LHINTEEMT 223, H2 ¢ LLETIHH 8T H &

720, B AR S R LRk S 2 n LA Fig.4



SRS T R e T 26

14975 201549 H 39

TRLIz. ZEBIER DS, é%r@céﬂjﬁ%ﬂu%ﬁ?ﬁ*ﬁ:
W, T A7 a— PO &M N HEEA LR D E A o
LR EEAL, Um'riﬁ%%%ﬁa:fmﬁ@E{t%aﬁ«f:.
Fig.8 izl B B L > R DM H A 73 . ¢=20" ,
L=0.57D DB EL o XD DX DIEE Y7L, ED 5y
FA4T 2P OHEEREIL TS, L XA CTH
FRL7=T 7V E HWTEYELZ, 2An— M OED =
0.8m, FHEF EEW=1.79DTH 5. 7235, Al E IRl
BRIV —RE40%DNLE CTT — LXK F4 5 MEE e
N, BEEHOEBRTE0%DNE T L @V
FHIDIZ LNy oT2728, LAFES0% N T FFT 5
A 2. O3 I ZINACAD018, ¢=0.15mTihb.

Curved surface typ! h=0.2[m]
diffuser
1

¢=20°

/ Flat panel type

diffuser W !
~o .
1 o
h=0.4[m] |

Fig.8 Configuration of wind-lens with curved surface type
diffuser.

Fig.olZ il i 75 JR\ L o X FH R E oD () P R bR A s .
T4 72— PR AE AN L2 & T, A TOJE
WA TR E R EL X L0 @O N A 57 E L
Rz L Cix2. 1F5 0 M ma sk Lz, BLEXY, 71

T a—PE RN T HI L, TRV EE R EPH I TR
BN ERDOIN R THHZEDR 530072

0.7 faewind-lens with curved
surface type diffuser

04 [

0.6 fowind-lens with flat panel type
diffuser (p=20" , L=0.57D)

0.5 [9eWT only

Cp : : !
(I e — s S S SRR Ch "SR S —

Fig.9 Power coefficients C,
speed ratio A.
(Curved surface type diffuser, the brim width h=0.25D)

» Of wind-lens turbines vs. tip-

5. REMRZEILSEIGEEDHAEL
AT, L=0.57D, h=05D, ¢=20° O -EMEL X
2V, BEORAE, 7Y, kU= —NReZ(ESE,

ZOLEOMBEMRH SIOLALE, AL > R %50 A U7z
DNRAERFELT-.

51 EBEWMBZEZRLSEEE

Fig. 10(Z 3B & 2K L 3K T LS/ 7= 5B D I PERE
iAo~ 9. BAINACA0018, = —RE1%c=0.15mTh
%, BALERTIE, BAAED DR ERBED ST, &
JEER I CH o —2%L0, SKERELIVL E W
MReZE R LT, AL X & 358, ZOREEROFF
MEHEFFLTCEE, K54 OBA IR L THIENA SO0,
AL U TR RIS L 1.9~ 2.0 0 H A Ebh
7-.

0.7 [ ==NACADIS (2
NACAODIS
0.6 H-a-nacanns
0.5
0.4
Cp

0.0 =

Fig.10 Comparison of power coefficients C, of wind-lens
turbines between two blades and three blades.
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